Summary Cancer patients undergoing radiotherapy frequently report fatigue. However, knowledge of the importance of fatigue for these patients and of the factors associated with their fatigue is limited. The aim of the current investigation was to gain more insight into fatigue as related to radiotherapy by answenng the following questions. First. how is the experience of fatigue best described? Secondly, to what extent is fatigue related to sociodemographic, medical (including treatment), physical and psychological factors? Finally, is it possible to predict which patients will suffer from fatigue after completion of radiotherapy? Patients with different types of cancer receiving radiotherapy with curative intent (n = 250) were interviewed before and within 2 weeks of completion of radiotherapy. During treatment, patients rated their fatigue at 2-weekly intervals. Results indicate a gradual increase in fatigue over the period of radiotherapy and a decrease after completion of treatment. Fatigue scores obtained after radiotherapy were onty slightly, although significantly, higher than pretreatment scores. After treatment, 46% of the patients reported fatigue among the three symptoms that caused them most distress. Significant associations were found between post-treatment fatigue and diagnosis, physical distress, functional disability, quality of sleep, psychological distress and depression. No association was found between fatigue and treatment or personality characteristics. Multivariate regression anatysis demonstrated that the intensity of pretreatment fatigue was the best predictor of fatigue after treatment. In view of this finding, a regression analysis was performed to gain more insight into the variables predicting pretreatment fatigue. The degree of functional disability and impaired quality of sleep were found to explain 38% of the variance in fatigue before starting radiotherapy. Fatigue in disease-free patients 9 months after treatment is described in paper (B) in this issue.
followxing treatment is more frequently taken into account along ,x-ith the more traditional outcomes of length of surnival and morbiditV.
Sy mptom distress is an important component of patients oxerall exaluation of their xxell-being (e.g. de Haes. 1988) . Fatigue is one of the common sy mptoms found to be negatively associated wxith patients assessment of their quality of life (Aaronson et al. 1993 : HUrriv et al. 1993 ). Yet. despite its apparent importance.
knowledge of the prexalence and correlates of fatigue is still limited.
In patients receixing radiotherapy. fatigue or tiredness is frequentlx reported. The experience of fatigue appears to be treatment related. as reflected by differences in prexalence rates betw een groups w ith different radiation fields. by a gradual increase in fatigue ox er the course of treatment and by-a reduction in fatigue scores oxver wxeekends. x hen no treatment is gix en (King et al. 1985 : Greenberg et al. 1992 : Irvine et al. 1994 ). Fatigue during radiotherapy may result directly from radiation. but max also be an expression of the disease process or a residual effect of prexvious treatment. Phx-sical factors inxestigated to explain radiation-related fatigue include haematocrit and haemoglobin (Greenberg et al. 1992 : Glaus. 1993 : Irvine et al. 1994 ). wxeight and chanae in weight (Haxlock and Hart. 1979 : Greenberg et al. 1992 : Glaus. 1993 Irxine et al. 1994) . serum interleukin 1 (IL-1I (Greenbera et al. 1993) . reverse triiodothxronine and pulse change wxith orthostatic stress (Greenberg et al. 1992) . Except for change in w eight (Hay lock and Hart. 1979: I[rine et al. 1994 ). none of these factors w as found to be significantly associated w ith fatigue. The distress associated with symptoms such as pain. nausea or sleep disturbances w as found to be related to fatigue (Irnine et al. 1994 ).
So far. no studies haxe investigated the relation betwxeen psychological factors and fatigue in radiation patients. Studies investigating psy chological distress in other cancer patients suggest a relation betxxeen fatigue and depression and anxiety (Nerenz et al. 1982 : Fobair et al. 1986 : Jamar. 1989 : Blesh et al. 1991 . This association miaht. in turn. be attributable to an association of these emotions and fatigtue with personality characteristics. such as neuroticism or optimism. A person's disposition may be related to fatigue by influencing copina reactions. Optimists are more likelyv to engaae in actixe attempts to cope xith a problem. Persons xith a neurotic disposition are more likely to dxell upon their negatixe experiences. employ axoiding strategies and disenaaae from actixve coping (Scheier and Carver. 1985) . Disposition may also contribute to a person's tendency to self-monitor for symptoms. Neurotic individuals are more sensitive to and likely to report any bodily sensations. including fatigue (Hotopf and Wessely. 1994) . The primary aim of this study was to come to a better understanding of fatigue in patients receiving radiotherapy. The following questions guided the study. First, how can the experience of fatigue as related to radiotherapy be described? Secondly. to what degree is fatigue related to sociodemographic, medical (including treatment). physical and psychological factors? Finally, is it possible to predict who will suffer most from fatigue after completion of radiotherapy? METHOD Sample and data collection procedure Cancer patients attending for radiotherapy treatment at the Academic Medical Centre in Amsterdam were approached. Eligible patients were aged 18 years or older. receiving treatment on an outpatient basis for cure or control of cancer rather than for palliation. free of malignancy in the central nervous system. not receiving chemotherapy and native Dutch.
The radiation oncologist introduced the study at the first consultation with written information describing the purpose and procedure of the investigation. Patients were later contacted by telephone by the researchers to ask for consent. Of the 308 eligible patients. 250 (81%) agreed to participate. Patients who declined participation were requested to rate the fatigue they experienced during the previous week. as a check for bias in the study sample.
Participants were interviewed at their homes approximately 2 weeks before the start of treatment and 2 weeks after completion of treatment. During the period of treatment. patients rated their fatigue at 2-weekly intervals.
Instruments
Diagnosis. Karnofsky score. weight at the start of treatment and treatment variables including dose, fractionation and radiation area were obtained from the patients' medical records. Levels of haemoglobin or haematocrit outside the normal range were recorded over the period of treatment. The patients' prognosis in terms of 5-year survival probability was classified by the Dutch Cancer Registration Office as either less than 20%. 20-40%, 40-60%, 60-80% or greater than 80%.
The following data were collected on interview: medical history. frequency of fatigue (never. hardly ever. sometimes, most of the time or always). the time of most intense fatigue during the day (no clear pattem. early morning. noon, afternoon, late afternoon. evening or depending upon time of radiation), physical sensations associated with fatigue (muscle weakness. sweating. uncomfortable feeling in the chest. sore muscles. blurred sight and shortness of breath: with response categories not at all, a bit. moderate and very much). less fatigue on days without radiation (yes. no. don't know) and hours of sleep. At the post-treatment interview, patients were asked to compare their present degree of fatigue with fatigue before the start of treatment (more fatigue. the same. less fatigue).
In both the pre-and post-treatment interview, the following instruments were used to assess fatigue in two ways. Firstly. The Multidimensional Fatigue Inventory (MFI-20) was used. which is a self-report instrument consisting of five scales based on different modes of expressing fatigue. 'General fatigue' includes general statements concerning a person's functioning such as I feel fit'. 'Physical fatigue' refers to the physical sensation related to the feeling of tiredness. Possible somatic symptoms of fatigue such as light-headedness or sore muscles are not included in this scale in order to exclude as much possible contamination with the symptoms of somatic illness, independent of fatigue. Reduction in activities and lack of motivation to start any activity are covered by the scales 'reduced activity' and 'reduced motivation' respectively. Each scale contains four items. with a five-point response format. Finally. cognitive symptoms such as having difficulties concentrating are included in the scale for 'mental fatigue' (Smets et al. 1995) . Secondly. a single numerical rating scale ranging from O (not tired at all) to 10 (worst tiredness imaginable), was used. both in the interviews and for the 2-weekly assessment of fatigue.
Similar numerical rating scales were used to assess the patient's global assessment of his or her quality of life and the intensity of pain.
Functional disability was assessed by the Activities of Daily Living Questionnaire (Picavet et al, 1992) . extended to cover habitual activities that may require effort but are not essential for self-care. including physical exercise, household activities. social activities, work related activities and mental activities.
Quality of sleep was measured using the general version of the Groningen Sleep Quality Scale (Meijman et al. 1988 ). Physical and psychological distress were assessed with the Rotterdam Symptom Checklist (RSCL; de Haes et al. 1990 ).
Depression was measured using The Centre for Epidemiologic Studies Depression Scale (CES-D: Radlof. 1977) .
Finally. for the assessment of neuroticism and optimism the shortened version of the Dutch Personality Questionnaire (Jongerius, 1984) and the Life Orientation Test (LOT: Scheier and Carver, 1985) were used respectively. In contrast to the other instruments. these personality characteristics were only assessed before treatment.
Stafial men ods
The MFI scale of general fatigue was used as the dependent variable in all analyses involving associations with or prediction of fatigue. Hereafter, general fatigue is referred to as 'fatigue'. The scale for general fatigue was preferred over the use of the numerical rating scale because of its more favourable psychometric properties (Smets et al, 1995,1 996 (yes/no) variables in the regression analyses.
British Journal of Cancer (1998) 78(7), 899-906 Plausible interactions. particularlv involving variables for w-hich no initial bivariate association V ith fatigue x-as found. w-ere explored using scattergrams and partial correlations.
In order to avoid spurious associations between fatigue. depression and physical distress. because of similaritn in item content. analyses w-ere performed w ithout overlapping items.
The associations between fatigue on the one hand and treatment dose and fractionation on the other wvere assessed for patients A ho received radiation at one target area only (n = 198) because too fewa patients were radiated at two or more areas for statistical anal rses. The relationships were determined separately for patients radiated on the head and neck (n = 24). thorax (n = 71 ) and abdomen/pelvis In = 118).
RESULTS

The sample
In Therefore. similar regression analyses were performed. now usingy pretreatment fatigue as dependent v-ariable. Results are presented in Table 5 .
The domain-specific analyses indicated the following factors as beinga related to higher pretreatment fatigaue: beincg female. not hav-ing a diagnosis of urogenital cancer. a higher degree of functional disability and physical distress. impaired quality of sleep and a higher degree of depression. When combined in one analysis the degree of functional disability and impaired quality of sleep remained significant predictors. explaining 38% of the X ariance in fatigue.
DISCUSSION
Two xweeks after the end of radiotherapy treatment 40% of the patients reported havsina been almost continuously tired duringc the treatment period. 44% reported that fatigue had increased ox er this period and fatigue was among the three most distressing symptoms for almost half of these patients. In addition. fatigue w-as found to explain 21%7 of patients overall rating of their post-treatment quality of life. This is a considerable amount of variance explained by a single symptom. Together. these findings illustrate the importance of fatigue for patients. As a consequence. they indicate that fatigue deserves attention in radiotherapy treatment.
The prevalence and impact of fatigue as found in this inx estigation may underestimate the actual problem. The differences in age and fatigue between participants and non-participants suggest a selection bias. with the older and more tired patients being, more inclined to refuse participation. Another potential source of error is bias as a result of loss to follow-up. Although attrition between the two assessment points was small (14%). it involved mostly patients with complications of their disease or treatment.
The gradual increase in fatigue oxer the course of treatment. follow7ed by a decrease after ending treatment as demonstrated in Figure 1 . suggests an acute effect of radiotherapy on fatigue. This finding is in line with results reported by others (King et al. 1985 : Greenberg et al. 1992 : Irvine et al. 1994 . Other indicators of an acute radiation effect are the weekend effect reported by 28% of the patients. and the findinc that 20% reported fatigue to hax e been most intense shortlv after being radiated.
British Journal of Cancer (1998) 78(7). 899-906 Althouah an increase in aeneral fatigue scores is found over the treatment period. the numerical fatigue scores (Figure 1 ) showed a lack of difference between pre-and post-treatment. This discrepancv indicates that the MFI scale for aeneral fatioue is more sensitix e in detecting, change ox er time than the single numerical scale.
It also sugaests that. although significant. the difference in fatiglue between the two moments of assessment is small. At two weeks after completion of radiotherapy. fatigue has already decreased to a level only sliahtlv hiaher than before the start of treatment.
The lack of more substantial differences in fatioue before and after radiotherapy does not. however. exclude a radiation treatment Effective treatment of fatigue is still largely unknown. However. some suggestions can be made. Fatigue in these patients seems to result from the acute physical and psychological stress associated with cancer and its treatment. Consequentl,. extra care taken in the amelioration of other symptomatologv. both somatic and psycholocrical. is a means of treating fatigue. The associations found suggest that interventions aimed at reducinc psychological distress may have a beneficial effect on fatigue. An evaluation of the results of 22 studies investigating the effect of psychological treatment on cancer patients resulted in the conclusion that -amonLt other things -tailored counselling was indeed effective with respect to fatigue (Trijsburg et al. 1992) . Asking patients before they start their course of radiotherapy treatment about the intensity of their fatigue may be an easy and effective way to identifv those patients who are likeely to continue to experience fat]iue durinc, and after treatment. These patients max then be informed accordingly. Results have indicated that patients do not always expect fatigue to be a side-effect of treatment (Cassileth et al. 1985 : Love et al. 1989 : Tierney et al. 1991 . Preparatory information on what to expect in terms of fatigue during and after treatment could enhance the possibility of patients to cope with this symptom.
Phy-sical activity training has frequently been referred to as an intervention with possible beneficial effects on fatigue. However. its effectiveness has been tested in small studies only (Questad. 1983 : McVicar and Winningham. 1984 : Young and Sexton. 1991 
